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THIN FILM TRANSISTOR ARRAY 
SUBSTRATE FOR A LIQUID CRYSTAL 
DISPLAY 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

Th e present invention relates to a thin film transistor array 
(TFT) substrate for a liquid crystal display and a method for 
fabricating the same, and more particularly, to a method for 
fabricating a TFT array substrate of good performance in 
processing steps. 

(b) Description of the Related Art 

Generally, a liquid crystal display (LCD) is formed with 
two glass substrates, and a liquid crystal layer sandwiched 
between the substrates. 

One of the substrates has a common electrode, a color 
filter and a black matrix, and the other substrate has pixel 
electrodes and thin film transistors (TFTs). The former 
substrate is usually called the "color filter substrate,** and the 
latter substrate is usually called the 4 TFT array substrate." 

The TFT array substrate is fabricated by forming a 
plurality of thin films on a glass substrate, and performing 
photolithography with respect to the thin films. In 
photolithography, many masks should be used for uniformly 
etching the thin films, and this involves complicated pro- 
cessing steps and increased production cost. Therefore, the 
number of masks becomes a critical factor in the fabrication 
efficiency of the TFT array substrate. 

Furthermore, contact windows tend to be over-etched 
during the TFT formation, causing contact failure. Thus, it 
is required that stable and rigid contact between the desired 
electrodes should be ensured in the device fabrication. 

On the other hand, the black matrix provided at the color 
filter substrate should be formed with a certain width con- 
sidering the alignment margin for the color filter substrate 
joining the TFT array substrate. However, the larger black 
matrix reduces the aperture ratio. Therefore, the opening 
ratio of the black matrix should be also considered in 
fabricating the TFT array substrate. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a TFT 
array substrate for a liquid crystal display of good 
performance, and a method for fabricating the same with a 
reduced number of masks. 

It is another object of the present invention to provide a 
method for fabricating a TFT array substrate that ensures 
suitable contacts between the electrode components. 

It is still another object of the present invention to provide 
a method for fabricating a TFT array substrate with a 
suitable opening ratio. 

These and other objects may be achieved by a TFT array 
substrate including a gate line assembly with gate lines 
proceeding in the horizontal direction, gate electrodes 
branched from the gate lines, and gate pads connected to end 
portions of the gate lines to receive scanning signals from 
theioutside and transmit them to the gate lines. The gate line 
assembly may be formed with a single, double or triple 
layered structure. When the gate line assembly is formed 
with a double or triple layered structure, one layer is formed 
with a low resistance material while the other layer is formed 
with a material having good contact characteristics. 

The gate line assembly is overlaid sequentially with a gate 
insulating layer, semiconductor patterns, and ohmic contact 
patterns. 
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A data line assembly is formed on the ohmic contact 
patterns with data lines proceeding in the vertical direction, 
data pads connected to end portions of the data lines to 
receive picture signals from the outside, and source elec- 
trodes branched from the data lines. The data line assembly 
further includes drain electrodes for the TFTs, and conduc- 
tive patterns for the storage capacitors. The drain electrode 
is positioned opposite to the source electrode With respect to 
the gate electrode while being separated from the source 
electrode. The conductive pattern is positioned above the 
gate line while overlapping the same. The conductive pattern 
is connected to a pixel electrode to form a storage capacitor. 
However, in case the overlapping of the pixel electrode and 
the gate line can give a sufficient amount of storage capacity, 
the conductive pattern may be omitted. The data line assem- 
bly may have a single, double or triple layered structure. 

The semiconductor patterns have a shape similar to that of 
the data line assembly and the underlying ohmic contact 
patterns. The semiconductor layer extends to the peripheral 
portion of the substrate while covering the latter. 

A passivation layer covers the data line, the data pad, the 
source electrode, the drain electrode, the semiconductor 
pattern, and the overlapping portions between the gate line 
and the data line. 

Contact windows are formed at the passivation layer 
while exposing the drain electrode and the data pad. The 
contact window exposing the drain electrode may be 
extended toward the pixel area such that it can expose the 
borderline of the drain electrode completely. Another con- 
tact window is formed at the passivation layer while passing 
through the semiconductor pattern and the gate insulating 
layer to expose the gate pad to the outside. 

The pixel electrode is formed on the gate insulating layer 
at the pixel area defined by the neighboring gate and data 
lines. The pixel electrode is electro-physically connected to 
the drain electrode through the contact window such that it 
receives picture signals from the TFT while making the 
required electrical field in association with a common elec- 
trode. The pixel electrode is extended over the conductive 
pattern, and electro-physically connected to the latter such 
that it serves as a storage capacitor together with the 
conductive pattern and the gate line. 

A subsidiary gate pad and a subsidiary data pad are 
formed on the gate pad and the data pad, respectively. The 
subsidiary gate and data pads are formed together with the 
pixel electrode with the same material, and contact the gate 
and data pads, respectively. 

An opening portion may be formed between the pixel 
electrode and the data line to prevent a possible short circuit 
thereof. 

According to one aspect of the present invention, the steps 
of fabricating the TFT array substrate may be performed as 
follows. 

A gate line assembly is first formed on a substrate by 
using a first mask. Then a gate insulating layer, a semicon- 
ductor layer, a contact layer, and first and second metal data 
line layers are deposited onto the substrate with the gate line 
assembly in a sequential manner. A data line assembly with 
a predetermined pattern is formed through etching the first 
and second metal data line layers by using a second mask. 
The contact layer is etched through the pattern of the data 
line assembly such that the contact layer has the same 
pattern as the data line assembly. 

A passivation layer is then deposited onto the structured 
substrate such that the passivation layer covers the semi- 
conductor layer and the data line assembly. A photoresist 
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film is coated onto the passivation layer, and exposed to light 
by using a third mask. The photoresist film is then developed 
to thereby form a photoresist partem partially differentiated 
in thickness. 

A semiconductor pattern is formed by etching the passi- 5 
vation layer and the underlying semiconductor layer at the 
pixel area through the photoresist pattern. First and second 
contact windows are formed by etching the passivation layer 
and the underlying second layers of the drain electrode and 
the data pad. The third contact window is formed by etching 10 
the passivation layer and the underlying semiconductor layer 
and gate insulating layer, and the second layer of the gate 
pad. 

After the photoresist pattern is removed, a pixel electrode 
is formed by using a fourth mask such that the pixel 15 
electrode is connected to the drain electrode through the first 
contact window. 

The second metal gate or data line layer may be formed 
with aluminum or aluminum alloy, and the first layer with ^ Q 
chrome, molybdenum, or molybdenum alloy. Subsidiary 
gate and data pads may be formed during the step of forming 
the pixel 'electrode such that they are connected to the first 
layers of the gate and data pads through the second and third 
contact windows. The pixel electrode as well as the subsid- ^ 5 
iary gate and data pads may be formed with indium tin oxide 
or indium , zinc oxide. 

r » il ' : ■• 

The etching with respect to the second layers of the drain 
electrode, the gate pad and the data pad may be performed 
by using a wet-etching technique or a dry-etching technique. 30 

The step of exposing the passivation layer positioned over 
the drain electrode and at the pixel area may be performed 
by removing l the i photoresist film over the passivation layer 
through ibxygen-based ashing. 

The third mask for forming the photoresist pattern may be 35 
provided with a transparent substrate, a first layer formed on 
me transparent substrate,' and a second layer formed on the 
transparent substrate while overlapping with the first layer. 
The first layer has a light transmissivity lower than the 
d^nspareiit j substrate; and; the second layer has a light 40 
transmissivity different from those of the substrate and the 
first layer. The transparent substrate is established to have a 
first portion without .the first and second layers, a second 
portion with only the first layer, and a third portion with both 
the first and second layers. 

The transparent substrate has a light transmissivity of 
90%, the first layer has a light transmissivity of 20-40%, and 
the second layer has a light transmissivity of 3% or less. The 
first and second layers may have a light transmissivity 
control pattern of slits or mosaics. 

According to another aspect of the present invention, a 
black matrix and a color filter are formed on the structured 
substrate before the step of forming the pixel electrode. 

After the semiconductor layer is etched to form a semi- 55 
conductor pattern and the remaining photoresist film is 
removed, an organic black matrix layer is deposited onto the 
substrate, and etched through a fourth mask to thereby form 
a black matrix pattern. Alternatively, a black photoresist film 
may be used to form such a black matrix pattern. 60 

A color filter is formed at the pixel area between the 
neighboring data lines, and at that point the formation of the 
pixel electrode and subsidiary gate and data pads is com- 
plete. 

According to still another aspect of the present invention, 65 
the formation of the passivation layer is deferred after the 
formation of the semiconductor pattern. 
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A gate line assembly is first formed at the substrate by 
using a first mask. A gate insulating layer, a semiconductor 
layer, an ohmic contact layer, and a metal data line layer are 
then sequentially deposited onto the substrate. The metal 
data line layer, the ohmic contact layer and the semicon- 
ductor layer are etched through a second mask to thereby 
form the desired patterns with similar outlines except that 
the semiconductor pattern is present at the channel region 
between the source and drain electrodes. 

A passivation layer is deposited onto the substrate 10 with 
the data line assembly, and etched through a third mask to 
thereby form contact windows. An organic black matrix 
layer is then deposited onto the substrate, and etched through 
a fourth mask to thereby form a black matrix pattern. 
Thereafter, a color filter is formed, and the formation of a 
pixel electrode and subsidiary gate and data pads is com- 
plete. 

In the above process, the black matrix pattern may per- 
form the function of the passivation layer without forming 
the latter. Furthermore, it is also possible that the color filter 
is placed directly over the substrate and the gate line by 
removing the portion of the gate insulating layer positioned 
between the neighboring data lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating a precursor sub- 
strate for fabricating a TFT array substrate according to a 
first preferred embodiment of the present invention where 
unit regions for the TFT array substrate are indicated. 

FIG. 2 is a schematic view illustrating the TFT array 
substrate with circuit and line components according to the 
first preferred embodiment of the present invention. 

FIG. 3 is an amplified view of the TFT array substrate 
shown in FIG. 2 at one pixel area. 

FIGS. 4 and 5 are cross sectional views of the TFT array 
substrate shown in FIG. 3 taken along the IV-IV line and 
the V-V line, respectively. 

FIG. 6A is a plan view of the TFT array substrate shown 
in FIG. 3 illustrating the step of forming a gate line assem- 
bly. 

FIGS. 6B and 6C are cross sectional views of the TFT 
array substrate taken along the IVb-IVb' line and the 
IVc-IVc' line of FIG. 6A, respectively. 

FIG. 7A is a plan view of the TFT array substrate shown 
in FIG. 3 illustrating the step of forming a data line assem- 
bly. 

FIGS. 7B and 7C are cross sectional views of the TFT 
array substrate taken along the Vllb-VIIb' line and the 
VIIc-VIIc' line of FIG. 7A, respectively. 

FIG. 8A is a plan view of the TFT array substrate shown 
in FIG. 3 illustrating the step of forming a semiconductor 
pattern and contact windows. 

FIGS. 8B and 8C are cross sectional views of the TFT 
array substrate taken along the VHIb-VIIIb' line and the 
VIIIc-VIIIc' line of FIG. 8A, respectively. 

FIGS. 9A and 9B are cross sectional views of the TFT 
array substrate taken along the VHIb-VIIIb' line and the 
VIIIc-VIIIc' line of FIG. 8A illustrating the step of exposing 
a photoresist film to light. 

FIGS. 10A to 12 are cross sectional views of a mask for 
light-exposing the photoresist film shown in FIGS. 9 A and 
9B. 

FIGS. 13 A and 13B are cross sectional views of the TFT 
array substrate taken along the VIIIb-VMb' line and the 
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VIIIc-VIIIc* line of FIG. 8A illustrating the step of devel- FIG. 39 is a cross sectional view of the TFT array 

oping the photoresist film. substrate taken along the II — II* line of FIG. 38A illustrating 

FIGS: 14A and 14B are cross sectional views of the TFT me ste P of forming a color filter, 

array substrate taken along the Vlllb-VIIIb' line and the FIG. 40 is a cross sectional view of the TFT array 

VIIIc-VIIIc* line of FIG. 8A illustrating the step of etching 5 substrate taken along the II — II* line of FIG. 38A illustrating 

some portions of a passivation layer. the step of forming a pixel electrode. 

FIGS. 15A and 15B are cross sectional views of the TFT FIG. 41A is a plan view of a TFT array substrate accord- 
array substrate taken along the Vlllb-VIIIb' line and the ing to a sixth preferred embodiment of the present invention. 
VIIIc-VIIIc' line of FIG. 8A illustrating the step of ashing FIG . 41B is a cross sectional view of the TFT array 
the etched portions of the passivation layer. . substrate taken along the IX-IX' line of FIG. 41A. 

FIGS. 16A and 16B are cross sectional views of the TFT piG. 42A is a plan view of a TFT array substrate accord- 

array, substrate, taken along the Vlllb-VIIIb' line and the ing t0 a seventh preferred embodiment of the present inven- 

Vnic-VHIc' line of FIG. 8A illustrating the step of etching t i on 

other portions of the passivation layer. nG ^ {$ g ^ ^ Qf ^ m 

FIGS. 17A and 17B are cross sectional views of the TFT substrate taken along the XI-XT line of FIG. 42 A illustrating 

array substrate taken along the VHIb-VIIIb' line and the me step of forming a semiconductor pattern. 

VIIIc-VIIIc' line of FIG. 8A illustrating the step of forming CT ^ A ^ . „ _ . . . c . 

o <.^;^^»^ 6 FIG. 43 is a cross sectional view of the TFT array 

• S K ? - substrate taken ^ng the XI-XI' line of FIG. 42A specific 

FIGS. 18 to 23 are cross sectional views illustrating the 20 cally illustrating the step of forming the semiconductor 

steps of fabricating a TFT array substrate in a sequential pattern. 

manner according to a second preferred embodiment of the c Tr . ^ . a „„„„ ^^ ^^ t *u tct 

nrpcpiit inv^nHftn 44 is a cross sectional view of the TFT array 

present, invention. substrate taken along the XI-XI' line of FIG. 42A illustrating 

FIGS. 24 to 29 are cross sectional views illustrating the the step of forming a black matrix pattern 

steps of fabricating a array substrate in a sequential 25 nG ^ 

""SSSSS " embodiment of the substrate taken along the XI-XI* line of FIG. 42A illustrating 

P * the step of forming a color filter and a pixel electrode. 

FIG. 30A is a plan view of a TFT array substrate accord- Ha 46A fa & laj) vjew f 

mgto a fourth preferred embod.ment of the present rnven- ^ ing t0 „ eighth ^ {emd embodiment 0 / the presem inven . 

FIGS, m i and 30C are cross sectional views of the TFT ^ ^ fa Cfoss sectiona , vigw 

, y fSTOftT "S? I f u sub ^te taken along the XVI-XVI' line of FIG. 46A. 

line of FIG. 30A illustrating the step of exposing a photo- . 4 ° 

resist film to light. ™ G * 47 A ls a P lan view °* a arra y substrate accord- 
ed . ' . r i r i- u 35 ing to a ninth preferred embodiment of the present invention. 
FIG. 31 is a cross sectional view of a mask for light- * _ . p 

exposing the photoresist film shown in FIGS. 30B and 30C. na 47B 18 a cross sectional view of the TFT array 

FIGS. 32A and 32B are cross sectional views of the TFT substrate taken along the XVI ~ XVI " line of HG ' 47A 
array substrate taken along the 111-111' line and the IV-IV* nG - 1S a P lan view of a TFT array substrate accord- 
line of HG. 30A illustrating the step of developing the 40 in g t0 a tenm preferred embodiment of the present invention, 
photoresist film. FIG. 48B is a cross sectional view of the TFT array 
FIGS. 33A and 33B are cross sectional views of the TFT substrate taken along the XXI-XXI' line of FIG. 48A. 

array substrate taken along the III— III' line and the IV-IV TT _ 

line of FIG. 30A illustrating the step of etching some ^^KJS^P 

portions of a passivation layer. 45 PREFERRED EMBODIMENTS 

FIGS. 34A and 34B are cross sectional views of the TFT Preferred embodiments of this invention will be explained 

array substrate taken along the III— III* line and the IV-IV with reference to the accompanying drawings, 
line of FIG. 30A illustrating the step of ashing the etched 

portions of the passivation layer. First Preferred Embodiment 

FIGS. 35A and 35B are cross sectional views of the TFT 50 nGS . j t0 5 illustrate a ^ sub strate according to 

array substrate taken along the III-IH' line and the IV-IV a first pre ferred embodiment of the present invention, 

line of FIG. 30A illustrating the step of etching other * « ««. ^ . . r i ^ u 

n ^ innc rtf tUa « occ :„ ot : rt „ i * ,. A plurality of panel regions for LCDs may be made at one 

portions of the passivation layer. , . ' _ \ ^ J . 

t-w^o , „^ , . r . insulating substrate at the same time. For example, as shown 

FIGS 36A and 36B are cross sectional views of the TFT in HG x four d re ^ ons 110 m m ^ m m made 

array substrate taken along the HI-HI Une and the IV-IV with dis , ^ m m 131 ^ Ui and ri heral 

hne of FIG. 30A illustrating the step of forming a semicon- mBS m U2 132 md 142 lmes ^ pixe , electrodes 

ductor pattern. for me main com p 0nen ts are repeatedly arranged at the 

FIGS. 37 A and 37B are cross sectional views of the TFT display areas 111 to 141, whereas pads and other static 

array substrate taken along the III-IIF line and the IV-IV ^ electricity protection circuits for the components connected 

line of FIG. 30A illustrating the step of forming a pixel to the driving circuits are provided at the peripheral areas 

electrode. 112 to 142. 

FIG. 38A is a plan view of a TFT array substrate accord- The display areas 111 to 141 and the peripheral areas 112 

ing to a fifth preferred embodiment of the present invention. to 142 are divided into several regions, and each region is 

FIG. 38B is a cross sectional view of the TFT array 65 light-exposed by a stepper. A photoresist film coated the 

substrate taken along the II— IT line of FIG. 38A illustrating substrate is exposed to light using identical or diflferent 

the step of forming a black matrix pattern. masks per region. After the exposure, the photoresist film is 
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wholly developed to form a photoresist pattern, and the source electrode 65. The conductive pattern 68 is positioned 

underlying thin films are etched through the photoresist above the gate line 22 while overlapping the same. The 

pattern to form thin film patterns. Such thin film patterns are conductive pattern 68 is connected to a pixel electrode 82 to 

repeated to form the TFT array substrate. form a storage capacitor. However, if the pixel electrode 82 

FIG. i2 is :a schematic view outlining the TFT array 5 and the gate line 22 can .generate ^sufficient storage capacity, 

substrate shown in FIG. 1 at one panel region where the the T conduce pattern 68 may be omitted, 

display area is indicated by the long and short dashed line. . In . tne following description, it is assumed that the con- 



t 



. t * a , , , ductive pattern 68 for the storage capacitor is present. 

As shown ir i FIG, 2 a plurality of TFTs 3 pixel electrodes data ^ w haye Q si double Qr 

I 2, ^^ CS 22 "^f"? hn t $ 6 ? 6 ectncaU y^ onnec ^ ed ^ 10 layered structure. In this preferred embodiment, the double, 

the TFTs 3 are provided at the display area. Gate pads 24 , ayered strucmre is used for the data Hne assem5ly> ^ is< 

placed at the end portions of,the gate lines 22, and data pads ^ e data line assembly includes lower layers 621, 641, 651, 

64 at the end portions of the data lines 62 are provided at the 661 ^ 681 , ^ upper layers 62 2, 642, 652 and 662. The 

peripheral area. A gate line shorting bar 4 and a data line lower layers 621 to 681 are formed of a metallic material 

shorting bar 5 are further provided at the peripheral area to suc h as Cr, Mo or Mo alloy that exhibits a good contact 

equipotentially interconnect the gate lines 22 and the data 15 characteristic with respect to ITO or IZO. The upper layers 

lines 62. The neighboring gate and data line shorting bars 4 622 to 662 are formed of a low resistance metallic material 

and 5 are electrically connected to each other via a shorting such as Al or Al alloy. As shown in FIG. 5, among the 

bar connection member 6. Completing the device components of the data line assembly, only the conductive 

fabrication, the shorting bars 4 and 5 are cut away along the pattern 68 has a single layered structure with the lower layer 

dotted line 2. Contact windows 7 interconnect the shorting 20 681. 

bar connection member 6 and the neighboring shorting bars The ohmic contact patterns 55, 56 and 58 reduce the 

4 and 5. contact resistance between the semiconductor patterns 42 

FIG. 3 is an amplified view of the TFT array substrate and 48 and the data line assembly, and have the same shape 

shown in FIG. 2 at one pixel area, and FIGS. 4 and 5 are ^ as that of the data line assembly. 

cross sectional view taken along the IV-IV and V-V lines, " The semiconductor patterns 42 and 48 have a shape 

respectively. similar to that of the data line assembly and the underlying 

First, a gate line assembly is formed on the insulating ohmic contact patterns 55, 56 and 58. Specifically, the 

substrate 10. The gate line assembly includes gate lines 22 semiconductor pattern 48 for the storage capacitor has the 

proceeding in the horizontal direction, gate electrodes 26 3Q same shape as that of the conductive pattern 68 and the 

branched from the gate lines 22, and gate pads 24 connected " underlying ohmic contact pattern 58, while the shape of the 

to end portions of the gate lines 22 to receive scanning semiconductor pattern 42 for the TFT differs from that of the 

signals from the outside and transmit them to the gate lines data line assembly and the underlying ohmic contact pat- 

22. terns 55 and 56. That is, the source electrode 65 is separated 

The gate line assembly may be formed with a single, 35 from the drain electrode 66 at the channel region of the TFT, 

double or triple layered structure. When the gate line assem- and the ohmic contact pattern 55 under the source electrode 

bly is formed with a double or triple layered structure, one 65 is also separated from the ohmic contact pattern 56 under 

layer is preferably formed of a low resistance material and the drain electrode 66. In contrast, the semiconductor pattern 

the other layer of a material having a good contact charac- 42 continuously proceeds at the channel region of the TFT. 

teristic. 40 The semiconductor layer extends to the peripheral portion of 

In this preferred embodiment, a gate line assembly with a the substrate 10 while covering the latter, 

double layered structure will be introduced. That is, the gate A passivation layer 70 covers the data line 62, the data pad 

line assembly includes lower layers 221, 241 and 261, and 64, the source electrode 65, the drain electrode 66, the 

upper layers 222, 242 and 262. The lower layers 221 to 261 semiconductor pattern 42, and the overlapping portions 

are formed with a metallic material such as Cr, Mo, or Mo 45 between the gate line 22 and the data line 62. 

alloy that exhibits a good contact characteristic with respect Contact windows 71 and 73 are formed at the passivation 

to indium tin oxide (ITO) or indium zinc oxide (IZO). In layer 70 while exposing the drain electrode 66 and the data 

contrast, the upper layers 222 to 262 are formed with a low pad 64. The contact window 71 exposing the drain electrode 

resistance metallic material such as Al or Al alloy. 66 may be extended toward the pixel area such that it can 

The gate line assembly is overlaid sequentially with a gate 50 expose the borderline of the drain electrode 66 completely, 

insulating layer 30, semiconductor patterns 42 and 48, and The Al-based upper layers 642 and 662 of the data pad 64 

ohmic contact patterns 55, 56 and 58. The gate insulating and the drain electrode 66 are removed such that the 

layer 30 is formed with silicon nitride (SiN r ). The semicon- Cr-based lower layers 641 and 661 thereof are exposed 

ductor patterns 42 and 48 are formed of hydrogenated through the contact windows 71 and 73. Another contact 

amorphous silicon. The ohmic contact patterns 55, 56 and 58 55 window 72 is formed at the passivation layer 70 while 

are formed with amorphous silicon doped with n-type impu- passing through the semiconductor pattern 42 and the gate 

rities such as phosphorus (P). insulating layer 30 to expose the gate pad 24 to the outside. 

A data, line assembly is formed on the ohmic contact The upper layer 242 of the gate pad 24 is removed such that 

patterns 55, 56 and 58. The data line assembly includes data the lower layer 241 thereof is exposed through the contact 

lines 62 proceeding in the vertical direction, data pads 64 60 window 72. 

connected to end portions of the data lines 62 to receive The passivation layer 70 may be formed of an organic 

picture signals from the outside, and source electrodes 65 insulating material such as silicon nitride and acryl-based 

branched from the data lines 62. The data line assembly materials. The passivation layer 70 protects the channel 

further includes drain electrodes 66 for the TFTs, and portion of the semiconductor pattern 42 between the source 

conductive patterns 68 for the storage capacitors. The drain 65 and drain electrodes 65 and 66. 

electrode 66 is positioned opposite to the source electrode 65 The aforementioned pixel electrode 82 is formed on the 

with respect to the gate electrode 26 and separated from the gate insulating layer 30 at the pixel area enclosed by the 
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neighboring gate and data lines 22 and 62. The pixel 
electrode 82 is electro-physically connected to the under- 
layer 661 of the drain electrode 66 through the contact 
window 71 such that it receives picture signals from the TFT 
while making the required electrical field in association with 
a common electrode. The pixel electrode 82 is formed of a 
transparent conductive material such as ITO or IZO. The 
pixel electrode 82 is extended over the conductive pattern 
68, and electro-physically connected to the latter such that it 
serves as a storage capacitor together with the conductive 
pattern 68 and the gate line 22. 

In the meantime, a supplemental gate pad 84 and a 
supplemental data pad 86 are formed on the gate pad 24 and 
the data pad 64, respectively. The supplemental gate and 
data pads 84 and 86 are formed together with the pixel 
electrode 82 with the same material, and contact the 
Cr-based lower layers 241 and 641 of the gate and data pads 
24 and 64, respectively. The supplemental gate and date pads 
84 and 86 strengthen the adhesion between the gate 24 and 
the data pad 64 and the external circuit devices and protect 
them. However they may be dispensed with. 

The pixel electrode 82, the supplemental gate and data 
pads 84 and 86 directly contact the Cr- or Mo-based lower 
layers 661, 841 and 861 of the drain electrode 66, and the 
gate and data pads 24 and 64, which results in stable and 
good contacts between them. 

In a reflection-type liquid crystal display, an opaque 
conductive material may be used for the pixel electrode 82 
instead of ITO or IZO. 

A method for fabricating the TFT array substrate accord- 
ing to the first preferred embodiment will be now explained 
with reference to FIGS. 3 to 5 and FIGS. 6A to 17B. 

As shown in FIGS. 6A to 6C, a first metal gate line layer 
of chrome, molybdenum or molybdenum alloy is deposited 
onto a substrate 10 to a thickness of 500-1,500 A. A second 
metal gate line layer of aluminum or aluminum alloy is then 
deposited onto the first gate line layer to a thickness of 
1,000-4,000 A. The first and second metal gate line layers 
are wet or dry-etched through a first mask so that a double- 
layered gate line assembly is formed at the substrate 10. The 
gate line assembly includes a gate line 22 with lower layer 
221 and upper, layer 222, a gate pad 24 with lower layer 241 
and upper layer 242, and a gate electrode 26 with lower layer 
261 and upper layer 262. 

Thereafter, as tshown in FIGS. 7A to 7C, a gate insulating 
layer 30 having a thickness of 1,500-5,000 A, a semicon- 
ductor layer 40 having a thickness of 500-1,500 A, and an 
ohmic contact layer 50 having a thickness of 300-600 A are 
sequentially deposited onto the substrate 10 along with the 
gate line assembly through chemical vapor deposition. The 
gate insulating layer 30 is formed of silicon nitride, the 
semiconductor layer 40 of amorphous silicon (a-Si), and the 
ohmic contact layer 50 of doped amorphous silicon (n + a-Si). 

A first metal data line layer of chrome, molybdenum or 
molybdenum alloy, is then deposited onto the ohmic contact 
layer 50 to a thickness of 500-1 ,500 A. A second metal data 
line layer of aluminum or aluminum alloy is deposited onto 
the first.data line, layer to a thickness of 500-4,000 A. The 
first and second data line layers are etched through a second 
mask together with the underlying ohmic contact layer 50 to 
form a double-layered data line assembly. The data line 
assembly includes 'a data line 62 with lower layer 621 and 
upper layer 622, a data pad 64 with lower layer 641 and 
upper layer 642, a source electrode 65 with lower layer 651 
and 1 upper layer 652, a drain electrode 66 with lower layer 
661 and upper layer 662, and a conductive pattern 68 with 
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lower layer 681 and upper layer 682. At this time, the ohmic 
contact layer 50 is also etched to form a first contact pattern 
55 for the data line 62, the data pad 64 and the source 
electrode 65, a second contact pattern 56 for the drain 
electrode 66, and a third contact pattern 58 for the conduc- 
tive pattern 68. The conductive pattern 68 with the third 
contact pattern 58 may be omitted. 

Thereafter, as shown in FIGS. 8A to 8C, a passivation 
layer 70 of silicon nitride is deposited onto the substrate 10 
through chemical vapor deposition to a thickness of 3,000 A. 
The passivation layer 70 is then etched through a third mask 
together with the underlying semiconductor layer 40 and 
gate insulating layer 30. As a result, the passivation layer 70 
and the upper layer 662 are removed from the drain elec- 
trode 66 to form a first contact window 71. The passivation 
layer 70, the semiconductor layer 40, the gate insulating 
layer 30 and the upper layer 242 are removed from the gate 
pad 24 to form a second contact window 72. The passivation 
layer 70 and the upper layer 642 are removed from the data 
pad 64 to form a third contact window 73. The upper layer 
682 is removed from the conductive pattern 68. 
Furthermore, the passivation layer 70 and the semiconductor 
layer 40 at the pixel area between the neighboring data lines 
62 are removed to form the channel region only at the 
required portion. 

The etching process using the third mask will be now 
described in detail. 

A photoresist film PR having a thickness of 5,000-30,000 ' 
A is coated onto the passivation layer 70, and exposed to 
light through the third mask. As shown in FIGS. 9A and 9B, 
the light exposure at the display area D is different from the 
light exposure at the peripheral area P. That is, the exposed 
portion C of the photoresist film PR at the display area D 
reacts to the light such that the molecules thereof are 
partially resolved to a predetermined depth from the surface 
while leaving the molecules thereunder unresolved. In 
contrast, the exposed portion B of the photoresist film PR at 
the peripheral area P reacts to the light such that the 
molecules thereof are completely resolved to the bottom. 

In order to perform such a differential light exposure, the 
light transmissivity of the third mask corresponding to the 
display area D and the peripheral area P of the photoresist 
film PR should be controlled appropriately. Three types of 
techniques will be here introduced. 

FIGS. 10A to 12 illustrate possible structures of the third 
mask for etching the passivation layer 70 along with the 
underlying layers. 

First, separate masks can be used for the third mask to 
perform the masking operation with respect to the display 
area D and the peripheral area P of the photoresist film PR, 
respectively. 

As shown in FIGS. 10A and 10B, a mask 300 for the 
display area D and a mask 400 for the peripheral area P are 
formed with substrates 310 and 410, chrome-based opaque 
films 320 and 420 formed on the substrates 310 and 410, and 
semitransparent pellicles 330 and 430 covering the sub- 
strates 310 and 410 with the opaque films 320 and 420. It is 
preferable that the light transmissivity of the opaque films 
320 and 420 be 3% or less, the light transmissivity of the 
pellicle 430 of the mask 400 for the peripheral area P to be 
90% or more, and the pellicle 330 of the mask 300 for the 
display area D to be 20-40% that is in the range of 20-60% 
of the light transmissivity of the pellicle 430 for the periph- 
eral area P. 

Meanwhile, patterns of slit or lattice with an opening 
width of about 2.5 um that is smaller than the resolution 
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capability of the light source for exposure may be formed as 
a replacement for the semi transparent pellicle 330 for the 
display area D. 

Alternatively, as shown in FIGS. 11 A and 11B, a chrome- 
based thin film 350 with a thickness of 100-300 A covers the 
entire surface of the mask 300 for the display area D while 
being positioned under the opaque film 320, whereas such a 
chrome-based thin film is absent at the mask 400 for the 
peripheral area P. In this case, the pellicle 340 of the mask 
300 for the display area D may have the same light trans- 
missivity as that of the pellicle 430 of the mask 400 for the 
peripheral area P. 

Of course, the above two techniques may be used together 
in a suitable application. 

The above two types of masks can be applied for use in 
partitioned exposure with a stepper, and separately perform 
the masking operation with respect to the display area D and 
the peripheral area P. The thickness of the target film can be 
also controlled by making the light exposure period different 
depending on the display area D and the peripheral area P. 

On the other hand, only one mask can be used for the light 
exposure with respect to the display and the peripheral areas 
D and P at the same time while controlling the amount of 
light applied thereto. FIG. 12 illustrates the structure of such 
a mask 500. 

As shown in FIG. 12, a light transmissivity control film 
550 is formed on a substrate 510 for the mask 500, and an 
opaque film 520 is formed on the light transmissivity control 
film 550. Whereas the light transmissivity control film 550 
for the display area D is formed on the entire surface of the 
substrate 510, the light transmissivity control film 550 for 
the peripheral area P is formed only under the opaque film 
520. That is, two or more patterns with different thickness 
are formed on the substrate 510. Of course, such a light 
transmissivity control film may be formed on the entire 
surface of the substrate 510 both at the display and the 
peripheral areas D and P. In this case, the light transmissivity 
of the light transmissivity control film 550 for the peripheral 
area P should be established to be higher than that of the 
light transmissivity control film 550 for the display area D. 

In the fabrication process of the mask 500, a light trans- 
missivity control film 550, and an opaque film 520 with an 
etching ratio different from that of the light transmissivity 
control film 550 are sequentially deposited onto the substrate 
510. A photoresist film is coated on the entire surface of the 
substrate 510 with the light transmissivity film 550 and the 
opaque film 520, exposed to light, and developed to form a 
photoresist pattern. The opaque layer 520 is then etched by 
using the photoresist pattern for the mask. The photoresist 
pattern is, then removed, and a second photoresist pattern is 
formed while exposing the portions of the light transmis- 
sivity film 550 corresponding to the contact windows at the 
peripheral area P to the outside. The light transmissivity film 
550 is then etched by using the second photoresist pattern for 
a mask. A semitransparent pellicle 530 is finally formed on 
the substrate 510 with the patterns of the light transmissivity 
film 550 and the opaque layer 520. 

Meanwhile, the portions of the photoresist film PR with 
the underlying metal gate or data line assembly may be 
applied with a larger amount of light due to the light 
reflected against the metallic component. Therefore, in order 
to prevent such a problem, a new layer for intercepting the 
reflected light, for example a colored photoresist film PR, 
may be introduced. 

As shown in FIGS. 13 A and 13B, when the photoresist 
film PR exposed through the third mask is developed, a 
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photoresist pattern PR results. That is. some portions B of 
the photoresist film at the peripheral area P over the gate and 
data pads 24 and 64 are completely removed, and some 
portions C of the photoresist film at the display area D over 
5 the drain electrode 66 and the pixel area are partially 
removed with a resulting small thickness. The remaining 
portions of the photoresist film at the display and the 
peripheral areas D and P are left with a relatively large 
thickness. In this process, as shown in FIG. 13B. the 
10 photoresist film having a small thickness may be formed 
over the conductive pattern 68. 

The thickness of the thin photoresist film is preferably in 
the range of 350-10,000 A that is one fourth to one seventh 
of the initial thickness, and more preferably in the range of 
15 1,000-6,000 A. For instance, the initial thickness of the 
photoresist film may be established to be 25,000-30,000 A. 
and the thickness of the thin photoresist film to be 3,000-5, 
000 A by controlling the light transmissivity of the mask at 
the display area D to 30%. However, since the resulting 
20 thickness is determined in accordance with the processing 
conditions, the pellicle of the mask, the thickness of the 
chrome-based film, and the light transmissivity of the light 
transmissivity control film, the exposing time should be 
controlled depending upon such processing conditions. ' 
25 Alternatively, such a thin photoresist film may be formed 
by using a common processing technique including the steps 
of exposing and developing the photoresist film, and then 
performing the following operation, whereby the photoresist 
pattern PR and the underlying passivation layer 70, semi- 
conductor layer 40 and gate insulating layer 30 are etched by 
using a dry etching technique, passivation 

In the etching process, the A portion of the photoresist 
pattern PR should be partially left, the passivation layer 70. 
semiconductor layer 40 and gate insulating layer 30 posi- 
tioned under the B portion of the photoresist partem PR 
should be removed, and the passivation layer 70 and semi- 
conductor layer 40 under the C portion of the photoresist 
pattern PR should be removed, while leaving the gate 
insulating layer 30. 

For this purpose, a dry etching technique that is capable 
of etching the photoresist pattern PR and the underlying 
layers at the same time may be used. 
Alternatively, in order to prevent only partial removal of 
45 the semiconductor layer 40 over the gate insulating layer 30 
due to the non-uniform thickness of the resulting photoresist 
film, the photoresist pattern PR and the underlying layers 
can be etched through several etching steps as described 
below. 

50 As shown in FIGS. 14A and 14B, the passivation layer 70 
at the B portion of the photoresist film over the data pad 64 
is dry-etched while exposing the data pad 64. The passiva- 
tion layer and the underlying semiconductor layer 40 and 
gate insulating layer 30 at the B portion of the photoresist 

55 film over the gate pad 24 is dry-etched while partially 
leaving the gate insulating layer 30. At this time, the gate 
insulating layer 30 over the gate pad 24 may be completely 
removed while exposing the underlying gate pad 24. SF 6 +N 2 
or SF 6 +HCL can be used for the dry etching, and the 

60 photoresist film PR at the display area D may be partially 
removed during the dry etching. Therefore, the consumption 
of the photoresist film PR should be controlled such that the 
passivation layer 70 at the display area D is not exposed to 
the outside. In this process, as shown in FIG. 14B, the 

65 thickness of the photoresist film PR over the conductive 
pattern 68 becomes reduced by as much as that of the 
photoresist film PR at the display area D. 
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Thereafter, as shown in FIGS. ISA and 15B, the C portion 
of the photoresist film PR over the passivation layer 70 are 
removed through oxygen-based ashing. At this time, con- 
sidering that the C portion of the photoresist film PR may be 
left with a non-uniform thickness, the ashing should be 5 
sufficiently performed by using N 6 +0 2 or Ar+0 2 . In this 
way, even though the C portion of the" photoresist film is 
non-uniformly , formed with a small thickness, it can be 
completely removed. 

Thereafter, as shown in FIGS. 16A and 16B, the passi- i° 
vation layer 70 over the drain electrode 66, the pixel area and 
the conductive pattern 68 as well as the gate insulating layer 
30 over the gate pad 24 are removed by using the photoresist 
pattern PR for a mask. In order to make etching conditions 
suitable for the semiconductor layer 40 and the passivation 15 
layer 70, the etching gas preferably contains large amount of 
0 2 or CF 4 . SF 6 +N 2 , SF 6 -K) 2 , CF f +0 2 or CF 4 +CHF 3 +0 2 are 
preferably used for the dry etching. 

As shown in FIGS. 17A and 17B, the semiconductor layer 
40 between the neighboring data lines 62 is removed by 20 
etching, to complete the semiconductor patterns 42 and 48. 
C\2+0 2 or SF 6 +HCl+0 2 +Ar is preferably used for etching 
the semiconductor layer 40. 

Thereafter, as shown in FIGS. 4 and 5, the upper layer 242 
of the gate pad 24, the upper layer 662 of the drain electrode 25 
66, the upper layer 642 of the data pad 64, and the upper 
layer 682 of the conductive pattern 68 exposed to the outside 
are removed through dry-etching or wet-etching, and the 
remaining photoresist film PR is also removed. An ITO or 
IZO film is deposited onto the substrate 10, and etched 30 
through a fourth mask. Consequently, a pixel electrode 82, 
a supplemental gate pad 84 and a supplemental data pad 86 
are formed while contacting the lower layer 661 of the drain 
electrode 66, the lower layer 241 of the gate pad 24, and the 
lower layer 641 of the data pad 64, respectively. 

As described above, in this preferred embodiment, the 
semiconductor patterns 42 and 48 together with the contact 
windows 71 to 73 is formed through one masking process 
and the desired TFT array substrate can be fabricated using 4Q 
only four masks. Furthermore, multiple etching can be 
uniformly performed on a large target area with different 
depth. In addition, the data or gate line assembly may have 
a double-layered structure with a low-resistance aluminum- 
based layer, eliminating poor contact characteristics of an 
aluminum-based layer at the pad portions. 

In the meantime, when the upper layer 662 of the drain 
electrode 66, and the upper layer 642 of the data pad 64 are 
etched, over-etching is liable to occur inside of the edge of 
the passivation layer 70. In this case, the ITO or IZO film 50 
pattern for the pixel electrode 82 at the over-etched portion 
may be broken. 

Second Preferred Embodiment 

FIGS. 18 to 23 illustrate a method for fabricating a TFT 55 
array substrate according to a second preferred embodiment 
of the present invention. In this preferred embodiment, the 
processing steps are the same as those related to the first 
preferred embodiment up to the step of depositing the 
passivation layer 70 onto the substrate 10. 60 

As shown in FIG. 18, a photoresist film PR is coated onto 
the passivation layer 70. The photoresist film PR is exposed 
to light through a third mask, and developed to form a 
photoresist pattern. That is, the portion B of the photoresist 
film PR over the gate pad 24, data pad 64 and drain electrode 65 
66 is completely removed. The portion C of the photoresist 
film PR adjacent to the portion B over the drain electrode 66 
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and the data pad 64 and positioning at the pixel area is 
partially removed such that it has a small thickness. The 
remaining portion A of the photoresist film PR is left without 
being consumed. 

Thereafter, as shown in FIG. 19, the passivation layer 70. 
the semiconductor layer 40 and the gate insulating layer 30 
at the B portion of the photoresist film PR are dry-etched 
such that the gate pad 24, the drain electrode 66 and the data 
pad 64 are exposed to the outside. 

In this process, the A portion of the photoresist film PR 
may be partially removed. 

Then, as shown in FIG. 20, the upper layer 242 of the gate 
pad 24, the upper layer 662 of the drain electrode 66 and the 
upper layer 642 of the data pad 64 are dry or wet-etched such 
that the lower layers 241, 661 and 641 are exposed. The thin 
photoresist film PR over the drain electrode 66, the pixel 
area and the data pad 64 are removed through oxygen-based 
ashing to expose the underlying passivation layer 70. 

As shown in FIG. 21, the exposed passivation layer 70 
over the drain electrode 66 and the data pad 64 is dry-etched 
such that the upper layer 662 of the drain electrode 66 and 
the upper layer 642 of the data pad 64 are exposed to the 
outside through the contact windows 71 and 73. At this time, 
the passivation layer 70 at the pixel area and the underlying 
semiconductor layer 40 are also removed to complete semi- 
conductor patterns 42 and 48. 

As shown in FIG. 22, the remaining photoresist film PR 
is removed to complete the contact windows 71, 72 and 73. 

As shown in FIG. 23, an ITO or IZO film is deposited onto 
the entire surface of the substrate 10, and etched through a 
fourth mask. As a result, a subsidiary gate pad 84, a pixel 
electrode 82 and a subsidiary data pad 86 are formed while 
contacting the lower layer 241 of the gate pad 24, the lower 
layer 661 of the drain electrode 66 and the lower layer 641 
of the data pad 64, respectively. 

As described above, in this preferred embodiment, the 
semiconductor patterns 42 and 48 together with the contact 
windows 71 to 73 is formed through one masking process so 
that the desired TFT array substrate can be fabricated using 
only four mask. Furthermore, multiple etching can be uni- 
formly performed on large target areas with different depth. 
In addition, the data or .gate line assembly may have a 
double-layered structure with a low-resistance aluminum- 
based layer, not showing poor contact characteristics of an 
aluminum-based layer at the pad portions. 

Furthermore, removing the passivation layer 70 after 
removing the upper layer 662 of the drain electrode 66 and 
the upper layer 642 of the data pad 64 eliminates the 
problem of over-etching the upper layers 662 and 642. 
Therefore, the pixel electrode 82 and the subsidiary data pad 
86 at the contact windows 71 and 73 can be prevented from 
breaking. In addition, the above structure can mitigate the 
height differences of the components at the contact windows 
71 to 73. 

Third Preferred Embodiment 

FIGS. 24 to 29 illustrate the steps of fabricating a TFT 
array substrate according to a third preferred embodiment of 
the present invention where a photosensitive organic layer is 
used for the passivation layer. In this preferred embodiment, 
the processing steps are similar to those related to the first 
preferred embodiment prior to the step of depositing a 
passivation layer onto the substrate 10. 

As shown in FIG. 24, a photosensitive passivation layer 
80 of a photosensitive organic material is deposited onto the 
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substrate 10 to a thickness of 3,000 A. The photosensitive embodiment up to the step of depositing the passivation 

passivation layer 80 is then exposed to light through a third layer onto the substrate except that the gate and data line 

mask, and developed to form a photoresist pattern. That is, assemblies are formed with a single layered structure, 

the portion B of the photosensitive passivation layer 80 over As shown in FIG. 30B, a photoresist film PR is coated 

the gate pad 24, the data pad 64 and the drain electrode 66 5 onto the passivation layer 70. The photoresist film PR is 

is completely removed. The portion C of the photosensitive exposed to light through a third mask. The light exposure to 

passivation layer 80 adjacent to the portion B over the drain the photoresist film PR at the display area D is mainly 

electrode 66 and the data pad 64 and positioned at the pixel <» ff erent from that at the peripheral area P^ That is. the 

area is partially removed such that it has a small thickness. e *V™ ed P ort 2° ns C a u nc * E of photoresist film PR at the 

The remaining portion A of the photosensitive passivation 10 dls P ,a y D ^ *" n el f 6 * and f the 

i »A • i ft * react t0 hght such that the molecules thereof are partially 

layer »u is lert intact. resolved to a predetermined depth from the surface while 

Thereafter, as shown in FIG. 25, passivation the semi- leaving the moleC ules thereunder intact. In contrast, the 

conductor layer 40 and the gate insulating layer 30 are exposed portion B.of the photoresist film PR at the periph- 

dry-etched through the removed portion B of the photosen- eral mSi p over me gate pad 2 4 an( j the data pad 64 reacts 

sitive passivation layer 80 exposing the gate pad 24, the 15 t0 the Hght sucn ^ the molecules thereof are completely 

drain electrode 66 and the data pad 64. resolved to the bottom. 

Then, as shown in FIG. 26, the upper layer 242 of the gate exposed portion B of the photoresist film PR at the 

pad 24, the upper layer 662 of the drain electrode 66 and the display area D between the pixel area and the data line 62 

upper layer 642 of the data pad 64 are dry or wet-etched also reacts t0 the lignt such that tne molecules thereof are 

exposing the lower layers 241, 661 and 641. -° completely resolved to the bottom. 

As shown in FIG. 27, the thin photosensitive passivation i n or d er to achieve such different light exposures, the light 

layer 80 remaining over the drain electrode 66 and the data transmission of the third mask at the display area D and the 

pad 64 is removed through oxygen-based ashing to expose peripheral area P should be controlled appropriately, 

the upper layer 662 of the drain electrode 66 and the upper ^ As shown in FIG 31 tne tnird mask for the a5ove etching 

layer 642 of the data pad 64 to the outside through the - is formed wilh a transpare nt substrate 610. The transparent 

contact windows 71 and 73. At this time, the thin photo- su bstrate 610 is sequentially overlaid with a light transmis- 

sensitive passivation layer 80 remaining at the pixel area is sion control film 620 and an opaque film 630. It is preferable 

also removed to expose the underlying semiconductor layer tnat ^ opaque film 630 has a light transm i ss j v ity of 3%. the 

40- 30 light transmission control film 620 has a light transmissivity 

As shown in FIG. 28, the exposed semiconductor layer 40 " 0 f 20-40%, and the transparent substrate 610 has a light 

is dry-etched to complete semiconductor patterns 42 and 48. transmissivity of 90% or more. The light transmission 

As shown in FIG. 29, an ITO or IZO film is deposited onto control film 620 and the opaque film 630 may be formed 

the entire surface of the substrate 10, and etched through a with materials having different light transmissivities, or with 

fourth mask. As a result, a supplemental gate pad 84, a pixel 35 the same material while bearing a thickness different from 

electrode 82 and a subsidiary data pad 86 are completed each other. For instance, in the latter case, a chrome-based 

while contacting the lower layer 241 of the gate pad 24, the film having a thickness of 100-300 A may be used for the 

lower layer 661 of the drain electrode 66 and the lower layer light transmission control film 620, and a chrome-based film 

641 of the data pad 64, respectively. sufficiently thicker than the light transmission control film 

This preferred embodiment, in addition to the advantages 40 620 for me opaque film 630. 

related to the previous preferred embodiments, simplifies the According to the of light transmissivity, the mask can be 

processing steps because the separate steps of processing a divided into A, B, C and E portions corresponding to those 

photoresist film after the formation of the passivation layer portions of the photoresist film PR, and an additional F 

are not necessary. portion. The A portion has a lowest light transmissivity. and 

45 the B portion has a highest light transmissivity. The C 

Fourth Preferred Embodiment portjon has a Hgnt transmissiv j ty between A and B. The E 

FIGS. 30A to 37B illustrate the steps of fabricating a TFT portion has a light transmissivity between B and C. The F 

array substrate according to a fourth preferred embodiment portion has a light transmissivity between A and C. The 

of the present invention. In this preferred embodiment, other substrate 610, the light transmission control film 620 and the 

components and structures of the TFT array substrate are 50 opaque film 630 are all present at the A portion. Only the 

similar to those related to the first preferred embodiment substrate 610 is present at the B portion. The substrate 610 

except that a single layered structure is used for the gate and and the light transmission control film 620 are present at the 

data line assemblies, the conductive pattern 68 for the C portion. The substrate 610 and the light transmission 

storage capacitor is eliminated, and an opening portion 31 is control film 620 are present at the E portion, but the light 

formed between the pixel electrode 82 and the data line 62 55 transmission control film 620 at the E portion has a plurality 

while exposing the substrate 10. The gate and data line of slit patterns. The substrate 610, the light transmission 

assemblies having a single layered structure of a metallic or control film 620 and the opaque film 630 are all present at 

conductive material such as Al, Al alloy, Mo, Mo — W alloy, the F portion, but the opaque film 630 at the F portion has 

Cr, and Ta are formed to a thickness of 1,000-4,000 A. The a plurality of slit patterns. 

opening portion 31 is to prevent a short circuit between the 60 The slit patterns formed at the light transmission control 

pixel electrode 82 and the data line 62 occurring when the film 620 and the opaque film 630 for the E and F portions 

semiconductor pattern 42 is over-extended toward the have a width narrower than the resolution capability of the 

periphery of the data line 62, and connected to the data line light source for the exposure such that the incident light 

62. diffracts and partially passes through the slit. Any patterns 

In the method of fabricating the TFT array substrate 65 capable of inducing diffraction of the light may replace the 

according to the fourth preferred embodiment, the process- slit patterns. For instance, mosaic patterns may be used for 

ing steps are similar as those related to the first preferred such purpose. 
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The reason for forming the slit or mosaic patterns at the 
required portions is to reduce the amount of light applied 
thereto. That is, when any metal component is present under 
the photoresist film to be exposed to light, the portion of the 
photoresist film under the metal component is applied with 
an increased amount of light due to the light reflected against 
the metal component so that the relevant portion of the 
photoresist film has a relatively small thickness compared to 
other portions. Furthermore, when the photoresist film is 
coated onto the protruded portion with the metal component, 
it is planarized to be placed on a plane with the photoresist 
film at other portions without the metal component so that 
the portion of the photoresist film over the metal component 
has a relatively small thickness compared to other portions. 
For these reasons, slit or mosaic patterns are formed at the 
mask portions corresponding to those of the photoresist film 
with the underlying metal layers to reduce the amount of 
light applied thereto. Alternatively, a colored photoresist 
film may be used for that purpose. 

As shown in FIGS. 32A and 32B, when the photoresist 
film PR exposed through the third mask is developed, a 
photoresist pattern PR is formed. That is, the B portion of the 
photoresist film over the gate and data pads 24 and 64 is 
completely removed, whereas the C portion of the photore- 
sist film over the drain electrode 66 and the pixel area is 
partially removed leaving a relatively small thickness. The B 
portion of the photoresist film between the pixel area and the 
data line 62 is completely removed. The remaining A portion 
of the photoresist film is left with a relatively large thickness. 

Thereafter, as shown in FIGS. 33A and 33B, the passi- 
vation layer 70 at the B portion over the data pad 64 is 
dry-etched while exposing the data pad 64, and the passi- 
vation layer 70 and the underlying semiconductor layer 40 
and gate insulating layer 30 at the B portion over the gate 
pad 24 are dry-etched while partially leaving the gate 
insulating layer 30. At this time, the gate insulating layer 30 
over the gate pad 24 may be completely removed while 
exposing the underlying gate pad 24. The passivation layer 
70 and the gate insulating layer 30 at the B portion between 
the pixel area and the data line 62 are removed while 
partially leaving the gate insulating layer 30. 

Thereafter, as shown in FIGS. 34A and 34B, the C portion 
of the photoresist film PR over the passivation layer 70 are 
removed through oxygen-based ashing. 

Then, as shown in FIGS. 35A and 35B, the passivation 
layer 70 oyer the drain electrode 66 and the pixel area, and 
the gate, insulating layer 30 remaining over the gate pad 24 
is removed by using the photoresist pattern PR for a mask. 
At this time, the gate insulating layer 30 remaining between 
the pixel area and the data line 62 is also removed. 

As shown in FIGS. 36A and 36B, the semiconductor layer 
40 at the pixel area between the neighboring data lines 62 is 
removed by, etching, thereby completing the semiconductor 
patterns!^ 

Thereafter, as shown in FIGS. 37A to 37B, the remaining 
photoresist film PR; is removed. An ITO or IZO film is 
deposited onto the substrate 10, and etched through a fourth 
mask. Consequently, a pixel electrode 82, a supplemental 
gate pad 84 and a supplemental data pad 86 are formed while 
contacting the drain electrode 66, the gate pad 24, and the 
data pad 64, respectively. Furthermore, the section 31 is 
opened between the pixel electrode 82 and the data line 62 
to electrically separate them. 

As is in the third preferred embodiment, the passivation 
layer 70 may be replaced by a photosensitive organic layer. 
In this case, the separate steps of processing a photoresist 
film may be eliminated. 
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This preferred embodiment, in addition to the advantages 
related to the previous preferred embodiments, can minutely 
divide the light transmissivity of the third mask while 
simplifying the relevant processing steps. Furthermore, the 
possible short circuit between the pixel electrode 82 and the 
data line 62 can be prevented by forming the opening portion 
31. 

Fifth Preferred Embodiment 

FIGS. 38A to 40 illustrate the steps of fabricating a TFT 
array substrate according to a fifth preferred embodiment of 
the present invention. In this preferred embodiment, other 
components and structures of the TFT array substrate are 
similar to those related to the first preferred embodiment 
except that a single layered structure is used for the gate and 
data line assemblies, the conductive pattern 68 for the 
storage capacitor is eliminated, and a black matrix 90 and a 
color filter 100 are newly introduced. 

In the method of fabricating the TFT array substrate 
according to the fifth preferred embodiment, the processing 
steps are similar to those related to the first preferred 
embodiment prior to the step of depositing the ITO or IZO 
film to form the pixel electrode 82. 

As shown in FIG. 38B, after the semiconductor layer 40 
is etched to form a semiconductor pattern and the remaining 
photoresist film PR is removed, an organic black matrix 
layer is deposited onto the substrate 10, and etched through 
a fourth mask to form a black matrix pattern 90. 
Alternatively, a black photoresist film may be used to form 
such a black matrix pattern. 

Then, as shown in FIG. 39, a color filter 100 of red, green 
and blue is formed at the pixel area between the neighboring 
data lines 62. The color filter 100 formed through screen 
printing, or photolithography using fifth to seventh masks. 

Finally, as shown in FIG. 40, an ITO film having a 
thickness of 400-500 A is deposited onto the substrate 10, 
and etched through a fifth or eighth mask. Consequently, a 
pixel electrode 82, a supplemental gate pad 84, and a 
supplemental data pad 86 are completed. 

In the resulting TFT array substrate, the black matrix 90 
formed at the display area is to prevent light leakage due to 
the electric field present at the periphery of the pixel 
electrode 82. The portion of the black matrix 90 over the 
gate line 22 may be removed. The black matrix 90 has a 
narrow contact window for exposing the drain electrode 66 
that is positioned at the center of the contact window 71 
passing through the passivation layer 70. 

The color filter 100 formed on the gate insulating layer 30 
between the neighboring data lines 62 is alternated with the 
colors of red, green and blue. Such a color filter may be 
formed per one pixel area or per one longitudinal area 
defined by the neighboring data lines 62. The color filter 100 
may be extended over the contact window 71. In this case, 
the color filter 100 should also have a separate contact 
window for interconnecting the drain electrode 66 and the 
pixel electrode 82. Such a contact window for the color filter 
100 should have a size of at least 4 ux4 \i because the color 
filter 100 is usually formed by using a large size aligner- 
based light exposure. 

The above-mentioned structure can simplify the steps of 
fabricating the TFT array substrate. Furthermore, the black 
matrix 90 and the color filter 100 formed on the TFT array 
substrate, the marginal error when combining the TFT array 
substrate and the color filter substrate need not be 
considered, and can improve the opening ratio of the device. 

Sixth Preferred Embodiment 

FIGS. 41 A and 41B illustrate the structure of a TFT array 
substrate according to a sixth preferred embodiment of the 
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present invention. In this preferred embodiment, other com- 
ponents and structures of the TFT array substrate are similar 
to those related to the fifth preferred embodiment except that 
the black matrix 90 is absent. That is, among the processing 
steps for fabricating the TFT array substrate, the step of 5 
forming a black matrix pattern 90 is eliminated. 

In the above structure, the opening ratio of the device is 
reduced compared to that related to the fifth preferred 
embodiment, but the black matrix to be formed with a 
common electrode at the opposite substrate can reduce the m 
resistance of the common electrode. 

Seventh Preferred Embodiment 

FIGS. 42A to 45 illustrate the steps of fabricating a TFT 
array substrate according to a seventh preferred embodiment 
of the present invention. In this preferred embodiment, other 
components and structures of the TFT array substrate are the 
similar to those related to the sixth preferred embodiment 
except that the passivation layer 70 has a new structure. For 
such a purpose, the passivation layer 70 is formed after the 
formation of the semiconductor pattern. 

As shown in FIG. 42B, a gate line assembly 22, 24 and 26 
is first formed at the substrate 10 by using a first mask. A 
gate insulating layer, a semiconductor layer, an ohmic con- 
tact layer, and a metal data line layer are then sequentially 
deposited onto the substrate 10. The metal data line layer, the 
ohmic contact layer and the semiconductor layer are etched 
through a second mask to form the desired patterns. The 
semiconductor pattern 40, the ohmic contact pattern 50, and 
the data line assemblies 62 to 66 have similar shapes except 
that the semiconductor pattern 40 is present at the channel 
region between the source and drain electrodes 65 and 66. 

A single mask 200 is used for the second mask. The mask 
200 has a transparent substrate 210 overlaid with a light 
transmission control film 220 and an opaque film 230. As 
shown in FIG. 43, the portion of the mask corresponding to 
the data line assemblies 62 to 66 is provided with the light 
transmission control film 220 and the opaque film 230, and 
the light transmissivity thereof is set to be 3% or less. The 
portion of the mask corresponding to the semiconductor 
pattern 40 between the source and drain electrodes 65 and 66 
is provided with the light transmission control film 220, and 
the light transmissivity thereof is established to be 20 to 
40%. The remaining portion of the mask is provided only 
with the transparent substrate 210, and the light transmis- 
sivity thereof is established to be 90% or more. 

In the above etching process using the second mask, a 
photoresist film PR is first coated onto the substrate 10, and 
exposed to light through the second mask. The photoresist 
film is then developed to thereby form a photoresist pattern. 

Thereafter, the metal data line layer exposed through the 
photoresist pattern is etched while exposing the underlying 
ohmic contact layer. In this process, either a wet-etching 
technique or a dry-etching technique can be used, preferably 
under the condition that only the metal data line layer is 
etched while leaving the photoresist pattern. However, in the 
case of the dry etching, since it is difficult to make such a 
condition, the photoresist pattern may be allowed to be 
etched altogether. 

When the metal data line layer is formed of Cr, wet 
etching is preferably used, with a solution of CeNH0 3 . 
When the metal data line layer is formed of Mo or MoW, dry 
etching is preferably used, with a mixture of CF 4 and HC1 
or CF 4 and 0 2 . 

As a result, the patterns 62 to 66 of the data line assembly 
are formed while exposing the underlying ohmic contact 
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layer, except that the source and drain electrodes 65 and 66 
are not yet separated from each other. 

Thereafter, the exposed ohmic contact layer and the 
underlying semiconductor layer are removed through dry 
etching. Then, the photoresist film remaining over the chan- 
nel portion of the metal data line layer between the source 
and drain electrode portions is removed. 

The channel portion of the metal data line layer and the 
underlying ohmic contact layer are removed through etch- 
ing. At this time, both the metal data line layer and the ohmic 
contact layer may be dry etched. Alternatively, dry etching 
the ohmic contact layer is dry etched and the metal data line 
layer is wet etched. In the former case, the etching is 
preferably performed under the condition that the etching 
selection ratio with respect to the metal layer and the contact 
layer is high. The reason is that when the etching selection 
ratio is low, it becomes difficult to find the final etching point 
and the thickness of the semiconductor pattern to be left at 
the channel region cannot be controlled in an appropriate 
manner. In the latter case, the side portions of the metal layer 
being etched with the wet etching method are etched while 
leaving those portions of the contact layer being etched by 
the dry etching, rendering stepped portions. The mixture of 
CF 4 and 0 2 is preferably used to form the semiconductor 
pattern 40 with a uniform thickness. 

In this way, the source electrode 65 and the drain elec- 
trode 66 are separated from each other, completing the 
patterns 62 to 66 of the data line assembly and the under- 
lying ohmic contact pattern 50. 

Thereafter, the photoresist film remaining over the data 
line assembly is removed. 

As shown in FIG. 44, a passivation layer 70 is deposited 
onto the substrate 10 with the data line assembly, and etched 
through a third mask to form contact windows 71 to 73. An 
organic black matrix layer is then deposited onto the sub- 
strate 10, and etched through a fourth mask to form a black 
matrix pattern 90. 

Finally, as shown in FIG. 45, a color filter 100 as well as 
a pixel electrode 82, a subsidiary gate pad 84 and a subsid- 
iary data pad 86 are formed at the substrate 10 in the similar 
way as in the sixth preferred embodiment. 

As is in the previous preferred embodiment, the above 
structure or technique can reduce the number of the pro- 
cessing steps, and enhance the opening ratio of the device. 

Eighth Preferred Embodiment 

FIGS. 46A and 46B illustrate the structure of a TFT array 
substrate according to an eighth preferred embodiment of 
the present invention. In this preferred embodiment, other 
components and structures of the TFT array substrate are the 
same as those related to the seventh preferred embodiment 
except that the passivation layer 70 is absent. The black 
matrix pattern 90 also serves the function of the passivation 
layer 70. The black matrix pattern 90 is extended over the 
peripheral portion P. As the extension of the black matrix 
pattern 99 over the peripheral portion P may be realized also 
in the seventh preferred embodiment, only the step of 
processing the passivation layer 70 is skipped in this pre- 
ferred embodiment. In this way, the number of processing 
steps can be reduced. 

Ninth Preferred Embodiment 

FIGS. 47 A and 47B illustrate the structure of a TFT array 
substrate according to a ninth preferred embodiment of the 
present invention. In this preferred embodiment, other com- 



